These results remain insufficient to understand fully the interaction of MMNO with cellulose materials. More information about the nature and the geometry of the interactions between MMNO and, for example, a glucose residue or relevant model compounds, is required. The structural elucidation of such crystalline adducts would obviously enlighten the understanding, at a molecular level, of the process of cellulose dissolution and mesomorph formation. Further work along this line is in progress in our laboratory and will be reported later.
Introduction
Diazoalkane molecules have been the subject of investigation for many years owing, in part, to their utility as synthetic reagents (Fridman, Ismagilova, Zalesov & Novikov, 1972 ). Yet although their chemistry is well documented (Patai, 1978) very few structural studies have been carried out on free diazoalkane molecules, often because of the limited stability of these molecules. Dibenzoyldiazomethane [C6HsCOC(N2)COC6H 5] is unusual in this regard, in that it may be isolated as a relatively stable, highly crystalline product.
In dibenzoyldiazomethane, a planar conformation of the molecule will be favored owing to the possibility of n delocalization over the molecular framework (Pauling, 1960, ch. 8.7) . For such a planar molecule, three geometries are possible, having the carbonyl and diazomethylene functions either cis or trans relative to each other, about the C-C single bonds, as shown below. Based on ESR studies of the carbene radical obtained through photolysis of the parent dibenzoyldiazomethane molecule, it was concluded (Murai, Torres & Strausz, 1980 ) that the s-trans-s-cis conformation was favored. In contrast, a study based on ~H NMR and dipole measurements (Nikolaev, Rodina & Korobitsyna, 1974) predicted the s-cis-s-cis conformation for a series of related, alkyl-substituted analogues, RCOC(N2)COR' [R,R' = CH 3, C2H 5, CH(CH3) 2, C(CH3)3]. The structural determination of the title species was therefore necessary to establish unambiguously its molecular conformation. In addition, the chemistry of diazoalkanes with metal complexes has been of interest in recent years owing to the tremendous diversity of this chemistry (Herrmann, 1978) . They can react as 1,3 dipoles or as nucleophiles through either the C or the terminal N atom, producing a variety of metal species, some containing the intact diazoalkane molecule, while others have only fragments of the parent species. Since part of our research interests involved the chemistry of dibenzoyldiazomethane with transition-metal complexes (Cowie & Gauthier, 1980a) the structural determination of this diazoalkane molecule was of importance to form a basis for structural comparisons within the coordinated species and to assist in understanding the metal chemistry of this species.
Experimental
Yellow crystals of dibenzoyldiazomethane, prepared by the reaction of (C6HsCO)2CH 2 with p-toluenesulfonyl (Regitz, 1966) and recrystallized twice from ethanol were kindly supplied by Dr M. Torres and Professor O. P. Strausz (University of Alberta). A suitable crystal was mounted in air on a glass fiber, and precautions were taken to minimize the exposure of the crystal to light throughout the data collection. Preliminary Weissenberg and precession photographs indicated the monoclinic space group P2I/C. However, owing to an unfavorable fl angle (ca 123 °) the non-standard P21/n setting with a somewhat more favorable fl angle (118.18 °) was chosen. Intensitycollection details are listed in Table 1 . Data were collected by the 0-20 scan method on a Picker four-circle automated diffractometer. Standard deviations in the intensities were calculated using a p factor of 0.05 (Doedens & Ibers, 1967) . The intensities of three standard reflections were measured every 100 reflections. No significant change in these intensities was noted.
Structure solution and refinement
The structure was solved by direct methods, using the program MULTAN (Germain, Main & Woolfson, 1971 ), based on 231 reflections having IEI > 1.40. The E map corresponding to the solution with the best figures of merit revealed the positions of the 15carbon-atom backbone. All other non-hydrogen atoms were located in a subsequent E map obtained by recycling MULTAN (Karle, 1968) . All H atoms were located in subsequent electron density maps. Full- 
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Description of structure and discussion
The unit cell of dibenzoyldiazomethane consists of four discrete molecules, with no unusually close intermolecular contacts. The molecule has an s-trans-s-cis confguration as initially proposed (Murai, Torres & Strausz, 1980 ) based on ESR results, but is in conflict with the s-cis-s-cis geometry proposed for the related diazoalkanes RCOC(N2)COR' [R,R' = CH3, C2H5, CH(CH3)2, C(CH3) 3] based on IH NMR spectra and dipole measurements (Nikolaev, Rodina & Korobitsyna, 1974) . While there is likely cis-trans isomerization in solution, it is unlikely from steric arguments that the s-cis-s-cis geometry would predominate, except possibly for the smallest substituents (R,R'). In the present structure however, the s-trans-s-cis geometry is consistent with such steric arguments, in that in this geometry the two bulky phenyl groups have minimal contacts with each other. The third possible conformation, s-trans-s-trans, would also minimize non-bonded contacts between phenyl groups and in this regard, would seem to be the preferred conformation. For the s-trans-s-trans geometry, two carbonyl groups would have to be in close contact, whereas for the observed s-trans-s-cis conformation, one carbonyl and the much larger phenyl group are in close proximity. The observed geometry may therefore result from electronic factors (see below).
In the title compound, the close contacts between the carbonyl group and the phenyl ring, a consequence of the s-trans-s-cis geometry, result in significant deviations from planarity within the molecule. The molecule is twisted about the C(7)-C(8) and C(8)-C(9) bonds such that O(1) is thrust above the diazomethylene plane while 0(2) falls below this plane. The resulting O(1)-C(7)-C(8)-N(1) and O(2)-C(9)-C(8)-N(1) torsion angles are 143.4 (2) and -10.0 (3) °, respectively, with the cis carbonyl twisted less from the diazomethylene plane. These * Lists of structure amplitudes, anisotropic thermal parameters, and idealized hydrogen parameters have been deposited with the British Library Lending Division as Supplementary Publication No. SUP 35995 (8 pp.). Copies may be obtained through The Executive Secretary, International Union of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. molecular twists oppose the tendency for the diazomethylene and ketone groups to be coplanar (Pauling, 1960, ch. 8.7) and therefore reduce the n delocalization somewhat. A tendency to maximize the delocalization probably keeps the molecule from deviating even more from planarity. The two phenyl rings are also twisted by ca 28 ° from the carbonyl groups, such that ring 1 [C(1)-C(6)] avoids the diazomethylene group and ring 2 [C(I0)-C(15)] avoids the carbonyl C(7)O(1). This twisting also reduces the possible delocalization over the molecular framework. In the closely related molecule, benzoyl(phenyl)diazomethane, a similar skewing of the molecule was observed (Cowie & Gauthier, 1980b) .
The C-C distances within both phenyl groups ]average 1.384 (8) and 1.380 (6)A] are as expected (Tamagawa, Iijima & Kimura, 1976 ). The C(1)-C(7) and C(9)-C(10) distances [1.486 (2) and 1.485 (3) A, respectively] are in excellent agreement and correspond to normal C-C single bonds between sp 2hybridized C atoms (Cotton & Wilkinson, 1972) . On the other hand the C(7)-C(8) and C(8)-C(9) distances [1.472 (3) and 1.476 (3) A, respectively] are somewhat shorter, indicating partial double-bond character. A similar pattern of C-C bond lengths was observed in the analogous benzoyl(phenyl)diazomethane compound. Both carbonyl C-O distances [1.222(2)A for C(7)-O(1) and C(9)-O(2)1 are in good agreement with each other and indicate normal C=O double bonds (International Tables for X- ray Crystallography, 1968 ). If these bond lengths are corrected for riding motion,* however, the corrected values [ 1.239 (2) and 1.252 (2) A, respectively] indicate a bond order somewhat less than two, resulting from delocalization within the molecule. It should be noted that the corrected bond lengths are now significantly different. The cis carbonyl, which is more nearly coplanar with the diazomethylene group and which should therefore have more opportunity for n-delocalization with this group, is longer.
Within the diazomethylene part of the molecule, the C-N-N angle is virtually linear [175.8 (2)°], the C-N bond length [1.338(2)A] indicates a partial double bond (Kurland & White, 1957) and the N-N bond distance [1.113(2)A] is very close to the triple-bond values observed in dinitrogen and aromatic diazonium compounds (1.097-1.098A) (Wilkinson, 1957; Stoicheff, 1954; Romming & Tjornholm, 1968) . All three parameters agree well with the values reported for six other diazoalkane molecules [C-N bond range 1.308 (7)--1.37 (2)/k; N-N bond range 1.10 (2)--1.126 (4)/k; N-N-C angle range 176.8 (1)--179.6 (3) °] (Tulip, Corfield & Ibers, 1978; Hope & * Although the riding-motion correction is an approximation, we believe it gives a useful indication of the degree of shortening by thermal vibrations and therefore may give better descriptions of the bond lengths. Black, 1972; Ansell, 1969; Presley & Sass, 1970; Abraham, Cochran & Rosenstein, 1971; Cox, Thomas & Sheridan, 1958) . All N-N distances reported are unusually short, corresponding as they do to essentially triple bonds. On the basis of the C-N distances, which correspond to bond orders of ca 1-5, significantly longer N-N distances are to be expected. However, the distances in these terminal diazo groups are especially susceptible to an apparent shortening which results from thermal vibrations. A riding-motion correction to the N-N distance IN(2) riding on N(1)] gives the value of 1.151 (2)A which corresponds closely to the expected bond order of 2.5, being intermediate between double-(Brown, 1966) and triple-bond values (ca 1.24 and 1.10/k, respectively). A similar correction on the analogous molecule, benzoyl(phenyl)diazomethane (Cowie & Gauthier, 1980b,c) produced an almost identical corrected value of 1.152 (5)/k. Significantly, before correction the N-N distances in these two very similar compounds differed by 0.019 (5)A. On the basis of the agreement of these thermally corrected distances with each other and with what we had expected from other parameters in the molecules, we maintain that they are more representative of the actual N-N distances in these molecules than are those previously reported, which we believe are artificially short.
In order to establish the preference of the strans-s-cis conformation over the sterically favored s-trans-s-trans geometry, it is worthwhile considering some of the canonical forms possible for the molecule in the observed conformation, as shown in structures (A) and (D). As mentioned previously, significant delocalization over the molecular framework is possible if all atoms are coplanar and this is clearly seen from these canonical forms. The planarity of the molecule is opposed, however, by steric interactions which tend to suggest that the s-trans-s-trans conformation is more likely. However, the average structure (E) indicates an electrostatic stabilization for the observed conformation. This interaction results from the positive charge on N(1) and the negative charge on 0(2). Consistent with this argument, the torsion angle involving the carbonyl cis to the diazo group, O(2)-C(9)-C(8)-N(1), is only 10 ° whereas for the trans carbonyl, where there is no such stabilizing electrostatic attraction, the torsion angle, O(1)-C(7)-C(8)-N(1), is 37 °. For an s-trans-s-trans geometry, there would be no attractive interactions possible between carbonyl and diazo groups, and in fact a destabilizing, repulsive interaction would result between the two carbonyl groups, as illustrated below.
6-
/Ph 0 --"~'--~.~_ + 6-6-¢ 0 ~'-'C~ p h Electrostatically, the s-cis-s-cis conformation is favored, whereas based on steric arguments, the s-trans-s-trans geometry is most likely. The observed s-trans-s-cis geometry seems therefore to be a compromise between the electrostatic and steric forces within the molecule. The molecular parameters indicate that, in spite of the significant deviations from planarity, there is significant delocalization over the molecular framework.
Programs used
Besides local programs for the Amdahl V7 computer, the modified versions of the following were used: FORDAP, the Fourier summation program by A. Zalkin; SFLS-5, by C. J. Prewitt; ORFFE, by Busing, Martin & Levy (1964) ; ORTEP, by Johnson (1965) ; A GNOST, the Northwestern University absorption program which includes the Coppens-Leiserowitz-Rabinovich logic for Gaussian integration and the Tompa analytical method; and MULTAN, by Germain, Main & Woolfson (1971) .
